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Abstract 

Methyl mercury (MeHg) is a widespread environmental contaminant that can have adverse effects on the health of vertebrate 
wildlife. This study focused on diets and MeHg contamination of nestling red-winged blackbirds (Agelaius phoeniceus) from a wetland 
in north Texas, USA. In previous research at the study site, a risk assessment model suggested that if emergent aquatic insects (i.e., 
odonates) were the dominant prey item in nestling diets, the health of nestling red-winged blackbirds could be negatively affected. 
The purpose of this study was to follow up on an earlier risk assessment and determine whether nestling red-winged blackbirds 
were accumulating elevated concentrations of MeHg at our study site. We had four objectives: (1) estimate the proportion of emer
gent aquatic insects, spiders, and terrestrial insects in diets of nestling red-winged blackbirds using a stable isotope-based dietary 
mixing model; (2) assess the concentrations of MeHg in emergent aquatic insects, spiders, and terrestrial insects; (3) assess the con
centrations of MeHg in blood of nestling red-winged blackbirds; and (4) determine whether nestling red-winged blackbirds had MeHg 
concentrations that were high enough to pose a health risk. We found that nestling red-winged blackbirds had a diet dominated by 
terrestrial insect prey with low concentrations of MeHg and that the nestlings had low concentrations of MeHg in their blood, well be
low hazardous levels. The results of the study suggest that caution must be used when interpreting risk assessment models for nest
ling red-winged blackbirds. Because their diets can consist of varying proportions of emergent aquatic insects, spiders, and terrestrial 
insects, risk assessments based on estimates of diet from the literature that suggest nestlings could be at risk from Hg contamination 
should be followed up with studies to assess diet and/or the actual level of contamination of nestlings.
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Introduction
Methyl mercury (MeHg) is a widespread environmental contami

nant (Driscoll et al., 2013) that can have adverse effects on the 

health of vertebrate wildlife (Ackerman et al., 2016; Lepak et al., 

2016). Historically, most studies focused on MeHg contamination 

of fish and fish-eating wildlife because MeHg is primarily formed 

in aquatic systems (Wiener et al., 2003). However, more recent 

studies have demonstrated that emergent aquatic insects, such 

as dragonflies and damselflies (i.e., odonates), transport MeHg 

out of aquatic systems and can expose terrestrial predators, such 

as birds, to MeHg (Brasso & Cristol, 2008; Chumchal & Drenner, 

2020; Jackson et al., 2021). Riparian spiders that consume emer

gent aquatic insects also accumulate relatively high concentra

tions of MeHg in their tissues (Ortega-Rodriguez et al., 2019; Speir 

et al., 2014) and in turn expose songbirds that consume spiders to 

MeHg (Cristol et al., 2008; Gann et al., 2015). Conversely, taxa 

that feed primarily within food webs based on terrestrial primary 

production, such as terrestrial herbivorous insects, accumulate 

relatively low concentrations of MeHg, and the consumption of 

terrestrial insects by songbirds would result in a relatively low 
exposure to MeHg (Jackson et al., 2021; Ortega-Rodriguez et al., 
2019; Speir et al., 2014).

This study focused on the diets and MeHg contamination of 
nestling red-winged blackbirds (Agelaius phoeniceus) from a wet
land in north Texas, USA (Figure 1). Red-winged blackbirds are 
one of the most common birds throughout North America 
(Yasukawa & Searcy, 2020) and adults feed nestling red-winged 
blackbirds a variety of arthropod prey, which can include emer
gent aquatic insects, spiders, and terrestrial insects (online sup
plementary material Table S1). Although the proportion of 
arthropod prey items in nestling diets varies by study site, emer
gent aquatic insects can dominate nestling diet (online supple
mentary material Table S1).

In previous research at the study site, we determined that the 
nesting period of red-winged blackbirds overlapped with peak 
dragonfly and damselfly emergence (Williams et al., 2017). The 
concentrations of MeHg in odonates at the study site were rela
tively high, and a risk assessment model suggested that if odo
nates were the dominant prey item in nestling diets, the health 
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of nestling red-winged blackbirds could be negatively affected 

(Williams et al., 2017). The purpose of this study was to follow up 

on the results of our previous study (Williams et al., 2017) and de

termine whether nestling red-winged blackbirds were accumu

lating elevated concentrations of MeHg at our study site.
In the study, we had four objectives: (1) estimate the propor

tion of emergent aquatic insects, spiders, and terrestrial insects 

in diets of nestling red-winged blackbirds using a stable isotope- 

based dietary mixing model; (2) assess the concentrations of 

MeHg in emergent aquatic insects, spiders, and terrestrial 

insects; (3) assess the concentrations of MeHg in blood of nestling 

red-winged blackbirds; and (4) determine whether nestling red- 

winged blackbirds had MeHg concentrations that were high 

enough to pose a health risk.

Materials and methods
Study site
We conducted the present study at the Eagle Mountain Fish 

Hatchery (32�52032.950 0 N, 97�28029.000 0 W) near Fort Worth, 

Texas, USA (Figure 2). The site consists of ponds that are filled 

with water, dry ponds that formerly held water but have now 

been colonized with terrestrial vegetation (primarily grasses), 
and other terrestrial habitats that vary in landcover/land use 
(e.g., grass-covered levees, riparian forest, roads); hereafter, dry 
ponds are considered terrestrial habitat (Figure 2). Water is sup
plied to the ponds from the limnetic zone of Eagle Mountain 
Lake, a large drinking water supply reservoir. Ponds range in size 
from 0.23 to 0.54 ha with a mean depth of 0.8 m and are whole 
ecosystems with earthen bottoms that contain complex commu
nities of macrophytes (including cattails [Typha spp.] and bulrush 
[Scirpus spp.]), benthic invertebrates, and some contain fish.

Ponds are contaminated with Hg originating from atmospheric 
deposition directly to the pond surface or the watershed of Eagle 
Mountain Lake (http://nadp.slh.wisc.edu). We are not aware of 
any point sources of Hg in the watershed. Previous studies 
revealed that aquatic insects emerging from ponds at the study 
site have �5–40× higher concentrations of MeHg than terrestrial 
insects (Chumchal et al., 2017, 2018, 2022; Ortega-Rodriguez et al., 
2019; Speir et al., 2014; Tweedy et al., 2013; Williams et al., 2017). 
Concentrations of Hg in spiders from the study site can be ele
vated relative to aquatic and terrestrial insects and are positively 
correlated with the proportion of emergent aquatic insects in their 
diets (Ortega-Rodriguez et al., 2019).

A B

C D

Figure 1. Male red-winged blackbirds (A) have conspicuous wing coloration and aggressively defend territories, whereas females (B) lack bright 
coloration. Red-winged blackbirds often nest in wetlands and build nests in emergent vegetation, like cattails (C). Red-winged blackbirds typically 
produce 2–4 nestlings per nest (D, Yasukawa & Searcy, 2020). The egg incubation period is 11–13 days and the nestling period is 11–14 days (Yasukawa 
& Searcy, 2020). Photo credits: (A) WhenJen, Shutterstock; (B) David Byron Keener, Shutterstock; (C) Christa Kartika, Shutterstock; (D) Marie Read, 
Alamy Stock Photo.
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Monitoring of the study site for active red-winged 
blackbird nests
We began regularly monitoring the study site for active red-winged 
blackbird nests (defined as nests being built, occupied by adults 
exhibiting defensive behaviors, or containing eggs or nestlings) on 
January 26, 2017. After we observed nests being built in early April, 
we searched the study site every 1–3 days for active nests. Red- 
winged blackbird nests were located using systematic searches 
through emergent aquatic vegetation (both within and surrounding 
ponds) and terrestrial habitat. Typically, we identified nests by fol
lowing adult birds to nests after observing parental behavioral cues 
(e.g., females carrying nesting material, defensive behavior). Global 
Positioning System coordinates of nest locations were recorded 
with the ESRI Collector for ArcGIS (Classic) phone application, 
which has a spatial resolution of 5 m. Once identified, active nests 
were monitored approximately every 2 days until hatch, which 
allowed us to determine nestling age. In some cases (n¼ 15 nests, 
17%), we located nests after birds had already hatched and used leg 
width (measured using a banding gauge) and other traits (e.g., eyes 
closed vs. open, feather growth) to estimate age within 1–2 days.

From April 12 to July 31 (online supplementary material 
Figure S1), we identified 188 active nests, of which 88 nests (46% 
of those initially located) produced 1–4 nestlings (Figure 2). 
Potential foraging areas within a 100 m radius of each nest con
sisted of aquatic (40.5 ± 1.6% [mean ± SE]), terrestrial (54.3 ± 1.4%) 
and human-built habitats (5.2 ± 0.3%), indicating that red-winged 
blackbirds had access to both aquatic and terrestrial habitats 
(online supplementary material Figure S2). We concluded the 
field portion of the study on July 31, 2017, when nestlings fledged 
from the last observed active nest of the season.

Collection of blood from red-winged blackbird 
nestlings to assess diet using stable isotope 
values and to assess Hg concentrations
Blood samples were used to (1) estimate nestling diet using stable 
isotopes of carbon and nitrogen and (2) assess MeHg 

contamination of nestlings. We attempted to collect blood sam
ples at two time points between hatching and fledging from each 
nestling so that the values would be representative of the nestling 
period (which can last 11–14 days; Yasukawa & Searcy, 2020). The 
purpose of this approach was to reduce the influence of mater
nally transferred Hg, which is greatest immediately after hatch
ing, and the effects of cessation of feather production, which 
occurs at fledging (Ackerman et al., 2011). Because we found no 
evidence of biologically meaningful age-related changes in isotope 
values or Hg concentrations in nestling blood (online supplemen
tary material Figure S3) and our goal was not to evaluate age- 
related changes, we averaged isotope and Hg concentration data 
collected from the two time points.

From May 8 to July 31, 2017, we collected blood samples from 
each nestling in a nest (2.7 ± 0.8 nestlings per nest [mean ± SD]; 
range, 1–4 nestlings per nest). Blood samples were collected from 
240 nestlings, with 184 nestlings sampled on two dates. The first 
sampling day ranged from 3 to 9 days posthatch with a mean 
sampling day of 5.0 ± 0.7 (mean ± SD) days posthatch. The second 
sampling day ranged from 6 to 11 days posthatch with a mean 
sampling day of 8.3 ± 0.7 days posthatch. Whenever possible, nest 
monitoring ended by day 10 posthatch to decrease the risk of pre
mature fledging. On the first sampling date, we applied a unique 
color pattern to the legs of each nestling using permanent 
markers to allow for future identification. On the second sam
pling date, we banded each nestling with a United States 
Geological Survey band.

Blood samples were collected from the brachial vein with a 
sterile disposable 26-gauge needle and heparinized microcapil
lary tubes (Gillet & Seewagen, 2014). We collected approximately 
50–150 µl of blood, < 1% of the nestling’s body weight (Gaunt 
et al., 1997). Blood samples were placed on ice in the field, and 
then frozen at -20�C in the laboratory prior to analysis. To pre
pare blood samples for stable isotope analysis, a small volume 
(0.25–1.5 mg dry wt) of whole blood was dried on a precombusted 
glass fiber filter for 48 hr in a 60�C drying oven.

km

Unsuccessful nests (n = 100)
Successful nests (n = 88)

Habitat
Reservoir
Grass
Pond
River
Roads and buildings
Tree

Figure 2. Map of the study area, active nests (nests being built or occupied with adults exhibiting defensive behaviors and/or that contained eggs or 
nestlings), and habitat. Successful nests are defined as nests where nestlings were sampled.
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Nestlings within a nest are not independent; therefore, our 
goal was to produce a single carbon and nitrogen stable isotope 
value and average MeHg concentration for each nest (n¼ 88). To 
reduce costs associated with stable isotope analyses, one nestling 
per nest was selected at random and sampled 1–2 times, and the 
stable isotope values were averaged to produce one carbon and 
nitrogen stable isotope value per nestling. These stable isotope 
values from a single nestling were used to represent the isotope 
values of the nest. For MeHg, each nestling was sampled 1–2 
times and the MeHg concentrations were averaged to produce 
one MeHg concentration per nestling. Next, the MeHg concentra
tions for all nestlings in a nest were averaged to produce a 
nest average.

Collection of emergent aquatic insects, spiders, 
and terrestrial insects
We collected representative taxa of three groups of arthropods 
(emergent aquatic insects, spiders, and terrestrial insects), which 
we confirmed were consumed by nestling red-winged blackbirds 
at our study site using an analysis of nestling fecal sacs (online 
supplementary material Table S2). Arthropods were collected 
May 19, May 30, June 8, and June 29, 2017, along 12 different sam
pling transects (�200–400 m in length) located throughout the 
pond facility and all within the potential foraging areas of the 
adult red-winged blackbirds nesting at the pond facility (online 
supplementary material Figure S2). Arthropods were collected 
from the ground and vegetation with nets or by hand and pre
served in 95% ethanol in the field.

We collected 16 taxa of arthropods. Emergent aquatic insects in
cluded adult damselflies (Odonata: Zygoptera) and dragonflies 
(Odonata: Anisoptera: Libellulidae and Aeshnidae); spiders 
(Araneae) including jumping spiders (Salticidae), long-jawed orb- 
weavers (Tetragnathidae: Tetragnatha sp.), lynx spiders (Oxyopidae), 
and wolf spiders (Lycosidae); and terrestrial insects included cater
pillars (Lepidoptera), crickets (Orthoptera: Grylloidea), grasshoppers 
(Orthoptera: Caelifera), ladybugs (Coleoptera: Coccinellidae), leaf 
beetles (Coleoptera: Chrysomelidae), leafhoppers (Hemiptera: 
Cicadellidae), sharpshooters (Hemiptera: Cicadellidae: Proconiini), 
terrestrial flies (Diptera: Calyptratae), and weevils (Coleptera: 
Curculionidae). On average, we collected 8.0 ±8.3 (mean ± SD) indi
vidual emergent aquatic insects per taxa, 29.5 ±7.3 individual spi
ders per taxa, and 43.7 ±36.4 individual terrestrial insects per taxa 
from each sampling transect. Arthropods were pooled by taxon and 
sampling transect across sampling dates into 135 composite sam
ples (n¼27, 27, and 81 composite samples for emergent aquatic 
insects, spiders, and terrestrial insects, respectively [online supple
mentary material Table S3]). Arthropod composite samples were 
dried at 60�C for 72 hr and then homogenized to a fine powder us
ing a clean mortar and pestle or a ball mill.

Stable isotope analysis and dietary mixing model
To estimate the proportion of emergent aquatic insects, spiders, 
and terrestrial insects in diets of nestling red-winged blackbirds, 
we determined bulk carbon and nitrogen stable isotopes values 
(δ13C and δ15N) of whole blood from nestling red-winged black
birds and arthropods and modeled diet with a Bayesian inference 
stable isotope dietary mixing model. Whole blood from nestlings 
dried on precombusted glass fiber filters and dried ground ar
thropod samples were encased in tin capsules before analysis at 
the University of California, Davis Stable Isotope Facility using a 
Europa Hydra 20/20 continuous-flow isotope ratio mass spec
trometer. Carbon and nitrogen isotope values are reported as: 

δ13C or δ15N ¼ ðRsample=Rstandard � 1Þ × 1000 

where R is 13C/12C for δ13C and 15N/14N for δ15N. Standards for 
δ13C and δ15N were Vienna Pee Dee Belemnite and atmospheric 
N2, respectively. Reference samples and duplicate samples were 
used for quality assurance. During analysis, samples were inter
spersed with several replicates of four different laboratory refer
ence materials (glutamic acid, nylon 6, bovine liver, and enriched 
alanine) that had been previously calibrated against interna
tional reference materials (https://stableisotopefacility.ucdavis. 
edu/carbon-and-nitrogen-solids). The average recovery percent
age of the four reference materials were 100.0% (range, 99.5%– 
100.1%; n¼144) and 99.9% (range, 99.8%–101.3%; n¼ 171) for δ13C 
and δ15N, respectively. The mean relative percent difference for 
duplicate samples was 0.21% (range, 0.04%–0.60%; n¼7) and 
0.93% (range, 0.21%–2.19%; n¼ 7) for δ13C and δ15N, respectively.

The Bayesian inference stable isotope dietary mixing model 
used the individual stable isotope values of nestling red-winged 
blackbirds (n¼88) and their potential arthropod prey items 
(n¼ 135 composite samples) determined in the present study to 
estimate nestling red-winged blackbird diet. Each potential ar
thropod prey item was assigned to one of three dietary sources 
(i.e., end-members) in our model; emergent aquatic insects (n¼ 3 
taxa), spiders (n¼ 4 taxa), or terrestrial insects (n¼ 9 taxa); see 
Collection of emergent aquatic insects, spiders and terrestrial insects sec
tion above for a list of taxa in each group. The Bayesian inference 
stable isotope dietary mixing model uses isotope trophic enrich
ment factors from the literature (Caut et al., 2009) to generate 
posterior probability distributions of the proportional contribu
tions of emergent aquatic insects, spiders, and terrestrial insects 
to red-winged blackbird diets (Parnell et al., 2010). Posterior proba
bility distributions were then used to generate the mean propor
tion of each prey type in nestling red-winged blackbird diets.

Bayesian inference stable isotope dietary mixing model analy
sis was performed in the R package MixSIAR (version 3.1.12). 
Mean (± SD) trophic enrichment factors used in models were 
0.59 ± 1.01‰ and 2.37 ± 0.62‰ for δ13C and δ15N, respectively 
(Caut et al., 2009). Model fitting was conducted with uninformed 
priors and a process × residual error structure via Markov Chain 
Monte Carlo (MCMC) simulations, which produces likely values 
of the proportional contribution of emergent aquatic insects, spi
ders, and terrestrial insect prey to the diet. The model was run 
with three MCMC chains (chain length¼ 1,000,000, with a 
500,000 burn-in, and thinned by 500). Chain convergence was 
assessed with the Gelman-Rubin and Geweke diagnostics.

Total Hg analysis of nestling blood and 
arthropod prey
Whole blood samples from nestlings and dried ground arthropod 
samples were analyzed for total Hg (MeHg þ inorganic Hg) with a 
Milestone DMA-80 Direct Analyzer, which uses thermal decom
position, gold amalgamation, and atomic-absorption spectros
copy (United States Environmental Protection Agency [USEPA], 
1998b). Reference samples (National Research Council of Canada 
Institute for National Measurement Standards) and duplicate 
samples were used for quality assurance. Reference samples 
(DORM-4, fish protein; Willie et al., 2012) were analyzed every 10 
samples, and the average recovery percentage was 103.7% 
(range, 93.2%–110.6%; n¼97). Duplicate samples were analyzed 
every 20 samples, and the mean relative percent difference was 
3.4% (range, 0.1%–9.6%; n¼ 32). The method detection limit, cal
culated as 3.14 times the SD of 7 low-level samples, was 0.11 ng 
total Hg (or �3.7 ng/g dry wt for a 30 mg sample). Eleven 
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terrestrial insect samples were below the method detection limit 
and total Hg concentrations for these samples were estimated as 
50% of the detection limit.

MeHg analysis and estimation: arthropods
The percentage of total Hg concentration that is MeHg in arthro
pods can be highly variable, in some studies ranging from 6% to 
88% depending on taxa (Ortega-Rodriguez et al., 2019). We had 
previously determined the percentage of total Hg that was MeHg 
at our study site for 13 of the 16 taxa collected in the present 
study (Ortega-Rodriguez et al., 2019; Speir et al., 2014). Therefore, 
we used the taxon-specific percentage of MeHg determined in 
these previous studies to estimate MeHg concentrations from 
measurements of total Hg concentrations for these 13 taxa (on
line supplementary material Table S3). However, for three of the 
terrestrial insect taxa (leaf beetles, terrestrial flies, and weevils) 
that we collected in the present study, the percentage of total Hg 
that is MeHg had not been previously determined at our study 
site. Therefore, we analyzed MeHg concentrations in a subset of 
samples from these three taxa to determine the percentage of to
tal Hg concentration that was MeHg.

We analyzed MeHg at the Marine Ecotoxicology and Trophic 
Assessment Laboratory (METAL) at the University of Alaska 
Fairbanks according to previously published methods (Hannappel 
et al., 2021). Briefly, dried ground terrestrial insects were analyzed 
for MeHg using a Brooks Rand MERX-M Automated MeHg 
Analytical System, which uses purge and trap, gas chromatogra
phy, and cold vapor atomic fluorescence spectroscopy (USEPA, 
1998a). Samples (�5 mg) were digested with 30% HNO3 for 20 hr in 
a water bath at 65 to 70�C. Cooled digests were diluted with ultra
pure water and stored in the dark at room temperature until 
analysis within 48 hr. To quantify MeHg, 100- to 200-µl aliquots of 
the sample digests were added to individual glass vials containing 
ultrapure water and acetate buffer. A 1% solution of sodium tet
raethylborate in KOH was added to each vial, and the total vol
umes were adjusted to 40 ml with ultrapure water. Reference 
samples (DORM-4 and International Atomic Energy Agency, IAEA- 
86, human hair; Bleise et al., 2000) were digested and analyzed 
with the samples. Additional quality assurance included the 
analysis of check standards (10 pg MeHg), blank spikes 
(10 pg MeHg), matrix spikes (10 pg MeHg), duplicate samples, and 
reagent blanks. Reagent blanks consisted of 30% HNO3 without 
the addition of a sample. All sample digests were analyzed in trip
licate. Any samples with a coefficient of variation among tripli
cates >15% were reanalyzed until < 15% was achieved. The mean 
value of triplicates was used for statistical comparisons. Mean re
covery percentages for DORM-4 and IAEA-86 were 92.7% (range, 
80.8%–103.0%; n¼ 6) and 106.3% (range, 84.7%–125.2%; n¼ 7), re
spectively. The mean recovery percentages of MeHg from check 
standards, blank spikes, and matrix spikes were 99.8% (range, 
94.4%–114.4%; n¼ 18), 101.2% (range, 91.7%–117.2%; n¼ 6), and 
98.4% (range, 90.0%–102.9%; n¼ 6), respectively. The mean rela
tive percent difference between duplicates was 5.4% (range, 0%– 
10.8%). The mean mass of MeHg in digestion blanks was 0.05 pg 
(range, 0.0–0.1; n¼10). All samples were above the method detec
tion limit of 0.25 pg MeHg, calculated by adding the mean of re
agent blanks to 3× the SD of the same blanks.

MeHg estimation: red winged blackbird nestlings
Methyl mercury accounts for approximately 95% of the Hg spe
cies in bird blood (Evers & Clair, 2005). Therefore, we assumed 
that 95% of total Hg in bird blood was MeHg and corrected meas
urements of total Hg accordingly to estimate MeHg in the blood 
of nestling red-winged blackbirds.

Statistical analysis
Analysis of variance (ANOVA) was used to determine whether 
MeHg concentrations and δ13C and δ15N values differed among 
arthropod groups (emergent aquatic insects, spiders, and terres
trial insects). All analyses were completed using SPSS Ver. 26, 
and statistical significance was determined at p< .05.

Results and discussion
We determined carbon and nitrogen stable isotope values of po
tential arthropod prey and nestling red-winged blackbird blood 
and used a mixing model to assess the proportion of arthropod 
groups in nestling red-winged blackbird diets. Average δ13C and 
δ15N values (mean ± SE) varied significantly between potential ar
thropod prey (ANOVA, F2,132¼ 58.0, p< .0001 and F2,132¼31.7, 
p< .0001, respectively) and both isotopes were most enriched in 
spiders (δ13C¼ -21.9 ± 0.5‰; δ15N¼ 7.5 ± 0.2‰), followed by emer
gent aquatic insects (δ13C¼ -22.7 ± 0.7‰; δ15N¼ 6.1 ± 0.3‰) 
and terrestrial insects (δ13C¼ -24.1 ± 0.3‰; δ15N¼ 5.1 ± 0.2‰;  
Figure 3). Average δ13C and δ15N values in red-winged blackbird 
nestlings were -23.3 ± 0.2‰ and 7.8 ± 0.2‰, respectively. Average 
δ13C and δ15N values of red-winged blackbird nestlings were 
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Figure 3. Mean (± SE) δ15N vs δ13C values for nestling red-winged 
blackbirds, emergent aquatic insects, spiders, and terrestrial insects. 
Sample sizes can be found in online supplementary material Table S3.
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enriched by approximately 0.5–1‰ and approximately 2–3‰, re
spectively (i.e., amounts similar to presumed trophic enrichment 
factors), relative to several potential terrestrial insect prey items, 
suggesting terrestrial insect prey were important in nestling diet 
(Figure 3). Similarly, the stable isotope dietary mixing model indi
cated that the diets of nestling red-winged blackbirds was domi
nated by terrestrial insect prey items with the average proportion 
(mean ± SE) of emergent aquatic insects, spiders, and terrestrial 
insect prey in nestling diet estimated as 23.8% ± 3.1%, 6.4% ± 0.9%, 
and 69.7% ± 1.6%, respectively (Figure 4).

We assessed MeHg concentrations of potential arthropod prey 
items and the blood of red-winged blackbird nestlings. Average 
MeHg (mean ± SE) concentrations varied significantly between ar
thropod prey items (ANOVA, F2,132¼ 129.4, p< .0001) and was high
est in emergent aquatic insects (88.3 ± 9.1 ng/g dry wt), followed by 
spiders (67.6 ± 5.9 ng/g dry wt) and terrestrial insects (6.1 ± 1.0 ng/g 
dry wt; Figure 5). Methyl mercury concentrations in the blood of 
nestling red-winged blackbirds ranged from 5.1 to 85.4 ng/g wet 
weight, with an average (mean ± SE) value of 19.7 ± 1.6 ng/g wet 
weight (Figure 6). Methyl mercury concentrations in all nestlings 
were well below the lowest observed effects level for MeHg in bird 
blood (200 ng/g wet wt, Ackerman et al., 2016; Figure 6). Below this 
threshold, birds would not be expected to experience negative 
health effects from MeHg exposure.

In the absence of site-specific data, risk assessments based on 
“reasonable worst-case assumptions” of diet from the literature 
(i.e., that nestling red-winged blackbirds consume primarily 
emergent aquatic insects) have the benefit of producing conser
vative exposure estimates (European Food Safety Authority 
[EFSA] et al., 2023) but lack environmental realism (EFSA et al., 

2023; Morrissey et al., 2024). A previous study at our study site 
(Williams et al., 2017) identified elevated concentrations of MeHg 
in emergent aquatic insects and a risk assessment model sug
gested that if diets of nestling red-winged blackbirds consisted 
primarily of emergent aquatic insects, nestlings could accumu
late concentrations of MeHg in their blood that would put them 
at risk for negative health effects (Williams et al., 2017). We con
ducted this study to follow up on the findings of Williams et al. 
(2017) and found that emergent aquatic insects do not constitute 
a large proportion of nestling red-winged blackbird diet (< 25%) 
at our study site and that nestling red-winged blackbirds had not 
accumulated concentrations of MeHg in their blood that could 
put them at risk. Instead, the diet of nestling red-winged black
birds at our study site was dominated by terrestrial insects, 
which have low concentrations of MeHg.

To our knowledge, this study is the first to simultaneously as
sess diet and MeHg concentrations in nestling red-winged black
birds. Assessing diet and contaminant concentrations in 
nestlings in some species of free-living birds is challenging, due 
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to logistical difficulties in locating nests and collecting data from 
enough individuals to draw conclusions about a given study site. 
Despite these challenges, the study illustrates the necessity of 
collecting such data and suggests that caution must be used 
when interpreting risk assessment models for nestling red- 
winged blackbirds in the absence of site-specific estimates of 
diet. Because the diets of nestling red-winged blackbirds can con
sist of varying proportions of aquatic insects and spiders (online 
supplementary material Table S1), risk assessments based on 
estimates of diet from the literature that indicate nestlings might 
be at risk from Hg contamination (Williams et al., 2017) could 
overestimate risk and must be followed up with studies to assess 
diet and/or the actual level of contamination. Because the diets 
of other songbirds that nest in or near wetlands or riparian for
ests are also known to be composed of varying proportions of 
emergent aquatic insects and riparian spiders (e.g., tree swallows 
(Tachycineta bicolor), (McCarty & Winkler, 1999; Mengelkoch et al., 
2004; online supplementary material Table S1), we hypothesize 
this caveat applies to a variety of songbird species, not just red- 
winged blackbirds. The results of the study demonstrate the im
portance of integrating the fields of toxicology and ecology for a 
more complete understanding of environmental Hg contamina
tion and the risks Hg poses to wildlife (Chapman, 2002; 
Chumchal & Drenner, 2020; Morrissey et al., 2024; Schiesari 
et al., 2018).
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